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Abstract. Polarization measurements for the optical counterpart to GRB 020405 are presented and discussed. Our 
observations were performed with the VLT-UT3 (Melipal) during the second and third night after the gamma- 
ray burst discovery. The polarization degree (and the position angle) appears to be constant between our two 
observations at a level around 1.5 4- 2 %. The polarization can be intrinsic but it is not possible to unambiguously 
exclude that a substantial fraction of it is induced by dust in the host galaxy. 
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1. Introduction 

Polarimetric observations are a unique tool to single out 
different physical processes. In the context of gamma-ray 
burst (GRB) afterglow emission, some degree of polariza¬ 
tion is expected to emerge in the optical flu x as a signature 
of synchrotron radiation (Meszaros & Rees 1997). The ob- 
serva tion o f power-law decaying lightcurves (e.g. Wijers 
et al. 19911 ) and of power-law spectral energy distribution 
(e.g. Wijers & Galama 1999| ; Panaitescu & Kumar 2001) 
give also further support to the external shock synchrotron 
emission scenario. 

The first successful polarization measurement was 
achieved for the optical afterglow (OA) of GRB 990510 
(Govino et al. 1999|; W ijers et al. 1999 ). Some months 
later, Rol et al. ( 2000 ) could perform three distinct ob¬ 
servations for GRB 990712, showing a possible variation 
in the polarization degree, but with constant position an¬ 
gle. More recently, GRB 020813 showed definitely a highly 
significant variation in the polarization level, again with 
co nstant position angle (Barth et al. ^002 ; Govino et 
al. 2002a). Last, for GRB021004, different measurements 
were performed (Govino et al. |2002b , 2002c; Rol et al. 
2002|), but the results are still ambiguous because of the 
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large Galactic-induced polarization. For all these obser¬ 
vations, the polarization degree was always in the range 
(0.8 a3)%. 

For three further GRBs, GRB 990123 (Hjorth et al. 

GRB 0112 11 (Go vino et al. |2002d| ) and GRB 010222 
(Bjornsson et al. 2002| ), upper limits are again consistent 
with a maximum value of ^ 3% (95% confidence limit). 

As a general rule, some degree of asymmetry in the 
expanding fireball is necessary to prod uce so me degree of 
polarized flux. Gruzinov & Waxman ( 1999 ) argued that 
if the magnetic field is globally random but with a large 
number of patches where the magnetic field is instead co¬ 
herent, a polarization degree up to ~ 10% is expe cted, 
especially at early times. Ghisellini & Lazzati ( |1999 ) and, 
independently. Sari ( 1999 ) considered a geometrical setup 
in which a beamed fireball is observed slightly off-axis. 
This break of symmetry again results in a significant po¬ 
larization. This model also predicts a testable variation of 
the polarization degree and position angle associated with 
the evolution of the afterglow lightcurve. 

GRB 020405 was localized on 2002 April 5 at 00:41:26 
UT by the interplanetary network (IPN) (Hurley et al. 
p002 ). The burst showed a duration of ~ 40 s and there¬ 
fore belongs to the class of long duration bursts (Hurley 
et al. 1992). The optical counterpart was identified by 
Price et al. (2002a, 2002b| ) 17.3 hours after the burst as 
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an ii ^ 18.9 source located at the coordinates 02000 = 
13*'58“03!12, (52000 = -31°22'22"2. 

VLT observations allowed to determine the redshift of 
z = 0.695 ± 0.005 (Masetti et al. 2002a) and to discover 
the bright host galaxy (Masetti et al. 2002b). A new radio 
source was fo und a t the above coordinates by the VLA 
(Berger et al. 2002), with a flux of 0.49 mJy at 8.46 GHz. 

In addition to those presented here, polarimetric ob¬ 
servations were performed by Masetti (2002c) with the 
VLT and by Bersier et al. ( 2002| ) with the Multiple Mirror 
Telescope, beginning 1.2 and 1.3 days after the GRB, re¬ 
spectively. Even if these two measurements were almost 
simultaneous, their results are in remarkable contrast. The 
first group found a level of polarization P = (1.5 ± 0.4)% 
(hereafter l-cr uncertainties are reported) with position 
angle = (172 ± 8)°, similar to other GRBs, while 
the second group reported the unprecedented high value 
P = (9.89±0.13)% at i? = (179.9±3.8)°. We note however 
that the results of both groups are not yet published in a 
refereed journal. 


2. Data and analysis 


Our observations of GRB 020405 were obtained with the 
ESO’s VLT-UT3 (Melipal), equipped with the Focal 
Reducer/low dispersion Spectrometer (FORS1) and a 
Bessel filter V in the imaging polarimetry mode. Our first 
observation (hereafter run 1) started on April 7, 03:33 UT 
(2.1 days after the burst) and lasted ~ 3 hours. At the be¬ 
ginning of this observation the V magnitude was 21.82 ± 
0.02, with respect to the USNO-A2.0 stars 0525_16813005 
and 0525-16815468 (Simoncelli et al. 2002 ). Our second 
observation (run 2) was performed during the following 
night, starting April 8, 4:01 UT (3.2 days after the burst), 
and lasted ~ 3.5 hours. The V magnitude of the OA was 
22.45 ± 0.05 again with respect to the two above reported 
starsQ. Observations were performed under good seeing 
conditions (0.5" — 0.9") in standard resolution mode with 
a scale of 0.2"/pixel (Fig. p. 

Standard stars were also observed. One polarized, 
Hiltner 652, in order to fix the offset between the polariza¬ 
tion and the instrumental angles, and one non-polarized, 
WD 1615-154, to estimate the degree of artihcial polar¬ 
ization possibly introduced by the instrument. 

The data reduction was carried out with the Eclipse 
package (version 4.2.1, Devillard 1997). After bias sub¬ 
traction, non-uniformities were corrected using flat-fields 
obtained with the Wollaston prism. The flux of each 
point source in the field of view was derived by means 
of both aperture and prohle fitting photometry by the 
DADPHDT II package (Stetson |1987| ), as implemented in 
ESO-MIDAS (version OISEP) and the Graphical Astronomy 
and Image Analysis (GAIA) tool^ For relatively isolated 

^ Note a difference by ~ 0.4 m ag with respect to our pre¬ 
vious measurement (Covino et al. [20026 ), due to preliminary 
calibration to USNO-A2.0 magnitudes. 

^ http://star-www.dur.ac.uk/~pdraper/gaia/gaia.html . 


Table 1. Polarization degree P and positional angle d 
for the optical counterpart to GRB 020405. Observations 
were performed with the VLT-UT3 (Melipal) in the Bessel 
U-band filter. 


Run 

UT 

V mag 

P (%) 

^ n 

1 

Apr 7.212 

21.82 ±0.02 

1.96 ±0.33 

154 ± 5 

2 

Apr 8.297 

22.45 ± 0.05 

1.47 ±0.43 

168 ±9 


stars the various applied photometric techniques differ 
only by a few parts in a thousand. The general procedure 
followed for FORS 1 polarization obse rvati o n anal ysis is 
extensively discussed in Covino et al. ( 1999 , 2002d ). 

The average polarization of the held stars is low as 
shown by the normalized Stokes parameters Q and U: 
(Q) = -0.0021 ± 0.0009 and (U) = 0.0012 ± 0.0009, cor¬ 
responding to P = (0.24 ± 0.09)%. 

The degree P and angle d of polarization are ob¬ 
tained from the measurements of Q and U for the OA 
[P = \/U‘^ + ^ arctan(t//Q)] after correcting for 

the polarization induced by the instrument or by the local 
interstellar matter. Moreover, for any low level of polariza¬ 
tion {P/a < 4), a correction which takes into account the 
bias due to the fact that P is a dehnite positive quantity 
(Wardle & Kronberg 1974) is required. At low polariza¬ 
tion level, the distribution function of P (and of d, the 
polarization angle) is no longer normal and that of P be¬ 
comes skewed (Clarke et al. 1983; Simmons & Stewart 
1985; Fosbury et al. [1993 ). 


We then correcte d our measurements for this bias 
(Simmons & Stewart 1985] ) and derived the normalized 
polarization Stokes parameters for the OA: Q = 0.0126 ± 
0.0033 and U = -0.0150 ± 0.0033 for run 1 and Q = 
0.0137±0.0043 and U = —0.0054±0.0044 for run 2. From 
these values of Q and U we have derived the polarization 
degree P and positional angle -d for both run 1 and 2, as 
reported in Table |^. Monte Carlo simulations conhrmed 
the reported values and uncertainties. 


2.1. Host galaxy contamination to photometry 

Fig. 0 clearly shows that the OA is superimposed to a 
rather bright and extended galaxy (~ 4" x 7" in our VLT 
images, with some bright knots). Since the light of the 
galaxy is unavoidably mixed with that of the OA, it is 
important to estimate the effect of this contamination on 
the polarization angle and degree. If the emission of the 
galaxy is not polarized, the net effect is to effectively re¬ 
duce the degree of polarization of the OA. It is easy to 
show that the observed polarization degree Pobs can be 
corrected to yield the intrinsic value Ptrue, if we know the 
contributions to the total flux of the galaxy, Pgai, and of 
the OA, Foa- 
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Fig. 1. The optical afterglow of GRB 020405 superimposed to the host galaxy during run 1 (left) and run 2 (right). 
Pictures were obtained composing the polarization images in the Bessel F-band filter. Box size is about 18" x 18"; 
North is up and East is left. The OT is marked by an arrow. 


where Ftot = Fqa + -Pgai- The polarization angle is of 
course not affected, even if the lower value of P eventually 
leads to a larger uncertainty. 

To estimate the contribution of the galaxy within the 
point spread function (PSF), it is necessary to analyze 
late-time images, when the flux of the afterglow gives only 
a negligible contribution. For GRB 020405, onl y a ro ugh 
R magnitude is reported to date (Bersier et al. 2002; see 


also Price et al. 2002c), suggesting that in the PSF area 
V > 24 dep ending on the color of the galaxy (e.g. Fukugita 
et al. 1995). 


Although an accurate analysis of the late-time image 
would be required, the good seeing conditions in our im¬ 
ages make these corrections, estimated by Eq. |^, essen¬ 
tially negligible. 


3. Discussion 

In Fig. ^ we show the time evolution of the polarization 
level P and angle "d for GRB 020405, also inclu ding the 
measurements perform ed by Bersier et al. (2002) and by 
Masetti et al. (2002c). Because of the striking contrast 
between the observations of the first night, the question 
for variability cannot be firmly settled. However, no sig¬ 
nificant variation is found by looking at our data alone 
(second and third night). Our points are moreover fully 
consistent with the one of Masetti et al. ( p002c ). 

A certain amount of (constant) polarization can be 
introduced by intervening dust along the line of sight, ei¬ 
ther in our Galaxy or in the host. The values reported in 
Table ^ are already corrected for the (low) Galactic con¬ 
tribution. If additional dust is present in the host galaxy. 



0 12 3 4 

Time since GRB (days) 


Fig. 2. Time evolution of the polarization level P and po¬ 
sition angle 'd. Data for the first night are from Masetti et 
al. ( ^002c ) and from Bersier et al. (2002). 


its presence should be revealed through spectral redden¬ 
ing. Since the induced polarization should not be larger 
than Pmax = 9%Eb-v (Serkowski et al. 1975), a red¬ 
dening Eb-v ~ 0.2 (in the host frame) would be re¬ 
quired to explain our value P ~ 2%. This transforms into 
Ay 0.6 4-1.1 depending on the selective-to-total extinc¬ 
tion coefficient Ry, that can be higher than the standard 






















4 


Covino et al.: Polarization of GRB 020405 


value ^ 3.1 in star-forming regions (see e.g. Cardelli et al. 
198£). X-ray data by Chandra (Mirabal et al. 2002| ) indeed 


reveal the presence of some material along the line of sight, 
with iVn = (4.7 ± 3.7) x 10^^ cm“^. Assuming a Galactic 
dust-to-gas ratio, this corresponds to Ay = 2.8 ± 2.2 
(Predehl & Schmitt |1995D . The effect of dust on the polar¬ 
ization degree can therefore be signihcant. This shows that 
the study of polarization can yield important constraints 
about the medium surrounding the GRB progenitor. 

In addition to the difficulty of assessing the intrinsic 
level of polarization of the OA, interpreting the polariza¬ 
tion measurements within the framework of the proposed 
models is made difficult by the lack of a clear break in the 
power-law decay of the lightcurve. In fact, despite some 
claims of the possible presence of a jet break at early times 
(tj ^ 1 day. Price et al. ^002c ), the data seem also com¬ 
patible with a single power-law up to ten days after the 
burst (Masetti et al. 20021] ). 

In the framework of the patchy model (Gruzinov & 
Waxman 1999] ), a moderate-high level of polarization is 
expected. The level of polarization should monotonically 
decay as a function of time due to the increase of the vis¬ 
ible surface of the hreball (and therefore to the increased 
number of visible patches). The position angle of the po¬ 
larization vector should fluctuate randomly. Since the po¬ 
larization predicted in this model is P ^ 60% /VN, the 
inferred number of patches is IV ^ 1000. 

In the case of collimated fireballs, Ghisellini & Lazzati 


(1999) and Sari (1999) proposed a model in which the po¬ 
larized fraction has a more complex behaviour, with two 
peaks separated by a moment of null polarization that 
roughly coincides with the break time of the total flux 
lightcurve. Lacking a robust detection of a jet break and 
given the limited number of measurements, only a quali¬ 
tative comparison can be performed. Again, the measure¬ 


ment of Bersier et al. (2002) cannot be reconciled with 
the model in any case and, if real, should be ascrib ed to 
some still unknown effect (see Bersier et al. 2002 for a 
comprehensive discussion). 

In the case of a late time break (tj > 10 d), our mea¬ 
surements can be interpreted to belong to the first peak of 
the polarization curve (see Fig. 4 in Ghisellini & Lazzati 


1999), with the moderate decay of the polarization be¬ 


ing an indication that the break time is approaching. If 
the br eak were at early times (tj < 1 d; see Price et al. 
2002c ), the absence of a rotation of 90° of the position 
angle that is predicted between the first and the second 
peak in the p olariz ation time evolution (e.g. Ghisellini & 
Lazzati 1999] Sari 1999 ) wo uld po int either to a rapidly 
sideways ex panding jet (S ari 1999 ) or to a structured jet 
(Rossi et al. 2002a , ^002t| ). 
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